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1. Introduction 


The physical structure of soil organic horizons, i.e. their thickness and the diversity of their 
structural components on both of which the identification of humus types is based. appears to be 
an important factor determining the distributions and abundances of oribatid species in deciduous 
forests, presumably through its role as a major niche dimensionÿ (ANDERSON, 1978). As a result, 
the humus types may also affect the species composition of oribatid assemblages, and such 
relationships have been elucidated using multivariate analyses (WAUTHY & LEBRUN, 1980; see 
other references below). 

On a “regional” scale of investigation as broad as Belgium, several clearly defined suites of 
oribatid species covary in their distribution and humus types’ use (WAUTHY, 1982). They refer to 
two main groups. The first one consists of 84 species which appear to be restricted either to one 
humus type (calcic mull, non calcic mull, moder or peat) or to both non calcic mull and moder 
horizons; moreover, they occur in relatively few sites (less than 10/30 studied by the author, with 
few exceptions). The second group consists of 72 species which widen their resource use since 
they are present in at least three categories of humus; they are also more common and many of 
them were found in 15 or more sites. 

Let us define the species of the first group as rare, “regionally specialist" (RS) species, and the 
ones of the second group as common. “regionally generalist” (RG) species. Then. the question we 
ask is whether the patterns of distribution (rarity versus commonness) and habitat breadth 
(specialist versus generalist) remain on a “local”, geographical scale. 

According to current theories on steadiness of natural systems (see e.g. Copy, 1981), such a 
regional pattern of humus types’ occupancy and saturation would be an argument to assume that 
oribatid assemblages could be regarded as a closed system of species with an equilibrium in 
number. If this equilibrium exists. it must be observed on a “local”, geographic scale, which is 
"the arena where the population interactions presumed to produce it should take place" (WIENS. 
1984). 

Hence, a second purpose of this paper is to interpret in terms of non-equilibrium assemblage 
the changes we found on both geographic scales in patterns of distribution and habitat use among 
RS and RG species. and to suggest potential processes that could produce them. 


2. Methods 


Our definition of RS and RG species is not arbitrary, but means that the habitat breadth is (regional) 
distribution-dependent in oribatid mites (see annotation no. l in section 6). Conceptually, habitat is defined as a 
species-specific attribute with a multidimensional pattern or variance in space and time (SOUTHWOOD, 1977). The 
RS species restrict their habitat use not only in one dimension (i.e. the humus type) but also in several others such as 
pH or vegetation (see WAUTHY, 1982, for details). On the other hand, the RG species use a greater variety of 
resource states, and their overlap is. on the whole, more marked than the one of the RS species (note that no 
measurements of interspecific overlap have been made by WAUTHY). 

Consequently, to yield the habitat breadth on a local, geographic scale, the choice of local stands to be sampled 
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is of great importance. In fact, a maximum of available resources must lie hidden in the chosen stands in order to give 
‘the opportunity to a maximum of RG as well as RS species to be present in the locality. 

In the case of oribatid mites, recent local surveys using multivariate analyses have reported the importance of both 
humus type and vegetation as descriptors of the numerical and spatial organization of species featuring the stand 
assemblages (LIONS, 1979:PLOWMAN, 1981; WEST, 1984: POURSIN & PONGE. 1984; BORCARD, 1988). Oribatids thus 
select their local habitats on the basis of humus type and vegetation variability. Therefore, the choice of our study sites 
was governed in the first instance by the achievement of concomitant variations of both descriptors among sites. 

Wood sites near the University of Louvain-la-Neuve are an interesting locality with regard to the fact that they 
belong to a peculiar floristic succession of the Atlantic province, where simultaneous changes in humus type are 
observed, i.e. the Quercion robori-petraeae (BR.-BL., 1932) suite on sandy and oligotrophic soils with mor or moder 
horizons. of which the degraded zones become a Calluno-Genistion pilosae (Duv.. 1944). Seven wood sites were 
selected in order to represent the range of humus and vegetation conditions found locally (fig. 1), and in each site. one 
stand (10 m X 10 m) was delimited according to its homogeneity of topography. herbaceous cover physiognomy and 
organic horizons' thickness. 

The climax stage of the floristic succession consists of oak-beech woods in which 3 stands were delimited: 5/, $2 
and $3. In both stands $7 and $2, a soil with moder organic horizons was found, while in stand $3 the humus was a mor. 
Plant richness was greater in stand 5/ than in stand 52, showing Preridium aquilinum and Leucobryum glaucum in 
abundance. On the other hand, only beeches were observed in the arborescent stratum of stand S3. 

The secondary stage of succession consists of woods where ericoid shrubs and birch trees are present. On brown 
soils, two stands (S4 and S5) were chosen in a vegetation variant where birch and oak are predominant species. Both 
soils showed moder horizons while plant richness was greater in stand $5 (Avenella [Deschampsia] flexuosa, Molinia 
caerulea, Rumex acetosella) than in stand $4. On podzolic soils, Calluna vulgaris dominates numerically and organic 
horizons refer to the mor type. The presence of lichens clearly distinguished stand 57 from stand S6. 

Physico-chemical conditions showed substantial variations among organic horizons of the stands: C/N from 14 
($5) to 31 (S4); exhange acidity (meq/100 g of dry matter) from 2.3 (54) to 7.6 ($7); water content from 43 % (57) to 
61 % (53); percentage of whole leaves from 4% ($7) to 41 Yo (S1). So were the topographic conditions: slope (degrees) 
from 1.3“ ($1) to 6.2" (S6); altitude (metres) from 85 (55) to 124 ($2). On the other hand, pH showed weak variations 
(3.8—4.2) due to oligotrophic conditions of soils. 

In each stand, 30 core samples (16 cm? area) of soil organic horizons were collected during a single survey in mid 
fall. The microarthropod fauna was extracted without heat over a three week period in a Berlese-Tullgren funnel. 
Animals. adults and immatures. were identified to species, where possible. and counted. No attempt was thus made to 
study the time dimension of the habitat space (phenology). We do not deny the importance of this parameter, but no 
clear relationships exist between the number of generations per year and the regional distribution of species. For 
example: Platynothrus peltifer, univoltine in temperate climates. as well as Oppiella nova, trivoltine, are both RG 
species (see observations by LEBRUN, 1964, and KANEKO, 1988). 

In a multispecies context such as ours, simple descriptions of the modalities of habitat partitioning are taken into 
account. and we use the method of LvNcH (1981). Moreover. the interspecific overlap on these modalities are 
measured using the index of SCHOENER (1968) (see LINTON er al., 1981, for a discussion). 


3. Results 
3.1. Local abundances and regional distribution 


On a local, geographic scale, RG species are more numerous than RS ones. In the 7 sampled 
stands, a total of 102 species were found (see table in the appendix). Among those, 31 species can be 
regarded as rare, RS ones; 24 were recorded by WAUTHY in his Belgian survey (1982) and 7 others 
were not listed (no. 9, 19, 24, 27, 28, 29 and 30). On the other hand, 54 species can be regarded as 
common, RG species. Thus, in the locality studied, the ratio between the number of RS and RG 
species was precisely 0.57. 

This ratio as well as species richness show great between-stand variability: RS-RG ratio 
flucuated from 0.26 (11/42 in stand 52) to 0.79 (15/19 in stand 57); species richness, from 38 (S6) to 
67 (S2). In order to reduce hereafter the disparity of species number between RS and RG species, we 
split the latter into two sub-groups: "RGI" species are the ones that WAuTHY found in 3 humus 
categories on a regional scale, and consist of 28 species (see table in the appendix); "RG2" species 
were present in all humus categories, and consist of 26 species. 

Where abundances at a local scale are concerned, 3 RG2 species were numerically dominant in 
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Fig. 1. Location map of the study area near the University of Louvain-la-Neuve (UCL), mid Belgium. The 7 stands 
are indicated by arrows: 1 & 3, “Bois de Lauzelle", municipality of Ottignies — Louvain-la-Neuve: 2, "Bois de 
Couture-Saint-Germain”, municipality of Lasne: 4. “Bois de Chapelle-Vieux-Bon-Dieu”, municipality of Wavre 
(W); 5, “Bois de Vallées”, municipality of Grez-Doiceau; 6, “Bois du Tienne-du-Preu”, village of Limal (L): 7, 
“Glain” place. municipality of Rixensart (R). BN: motorway Brussel-Namur. 
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Fig. 2. Relationships between the local abundance and regional distribution of oribatids in wood sites. — Local 
abundances are averaged on the 7 stands studied herein: regional distributions are the ones observed by Wauthy (1982) 
in his Belgian survey (30 wood sites: 2 stands per site; 206 species). Numbers designating species are identical with 
those on table in the appendix. Closed squares: RS species; open circles: RG1 species; closed circles: RG2 species 
(see text for definitions). 
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Fig. 3. Correspondence analysis of 84 species of oribatids at 7 wood stands. — (A) location of litter (L) and humus 
(H) assemblages in the space of axis | and 2. Stand origin of assemblages as in fig. 1: open triangles: moder soils, 
closed triangles: mor soils. — (B) location of "broad niched" species in the space of axis 1 and 2. Numbers designating 
species are identical with those on table in the appendix; values of habitat overlap between pairs of neighboring species 
are presented. 
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all stands. These are: Tectocepheus velatus, Oppiella nova and Nothrus silvestris with 8,067, 7,602 
and 5,543 individuals, and 7.05, 6.99 and 6.67 In average local abundances, respectively. Four 
species were represented by a single individual: Eupelops cf. curtipilus, Ctenoppiella fallax, 
Cepheus cepheiformis and Ctenoppiella obsoleta. The average local abundance of species as a 
function of their regional distribution is shown in fig. 2. Correlation and linear regression between 
both variables were significant (P — 0.01). RS species occupy less regional sites than RG species 
(approx. 7 on average versus approx. 19); but, the average local abundances are not significantly 
different (3.59 versus 3.56). 

There are however some exceptions to the general trends depicted by fig. 2. Among RS species, 
2 species (no. 7 and 11) had a much greater average abundance than that of their congeners though 
they were sampled in relatively few regional sites. Among RG species, 3 RGI (no. 16, 26 and 28) 
and 2 RG2 (no. 8 and 14) showed opposite features; though present in many regional sites (> 15), 
they had a much lower average abundance than the average of the group (In values — 1.79, 1.61, 
0.0, 1.32 and 1.09 respectively). 

For whatever reason, oribatids tend on the whole to increase their local abundance when their 
regional distribution is broad. Oribatids tend also to maintain their distribution patterns on both 
geographic scales since, on a local scale, most RS species remain rare and most RG species remain 
common (20/31 RS species occupied one or two stands; 31/54 RG species were collected in four or 
more stands). In some RS as well as RG species, however, drastic changes of distribution pattern 
occur since 7/31 RS species increased their local distribution (they inhabited six or seven stands; see 
table in the appendix) while 15/54 RG species reduced it (they were collected in one or two stands). 


3.2. Local patterns of habitat utilization 
3.2.0. General remarks 


To document both habitat widths and overlaps on a local, geographic scale, the examination of 
all the habitat dimensions would be required, but it is not possible in practice. Our approach will 
then focus: first. on the analysis of the local organization of habitat resources, i.e. the identification 
of the resource states relevant on a local scale; second, on the analysis of the habitat breadth and 
overlap shown by both RS and RG species on these resource states, i.e. the measurement of the 
degree to which the pattern of distribution of individuals among resource states is proportionally 
similar among species. 


3.2.1. Identification of local resource states 


In this instance, we used Correspondence Analysis (CA) in order to identify the local states of 
the habitat resources. CA was performed to extract the major patterns of covariation in both species 
composition and population size among stand assemblages. Then. CA replaces stand assemblages 
and species along axes, allowing these axes to be interpreted as "environmental gradients" that can 
be related to factors governing species in their selection of resources (see theoretical details in KARR 
& FREEMARK, 1983). and allowing thereby the modes of habitat utilization shown by species in the 
listed stands to be identified independently of the investigator. 

To apply this procedure, we first used the data matrix (85 X 7) taking into account the 
abundances of species in the stands. Then. the inertia rates of the first 2 eigenvalues were 33 % and 
21% respectively, i.e. for the former well above, and for the latter a little below the relating 
thresholds computed by LEBART er al. (1977), viz. 28 Yo and 23 % respectively. on a completely 
randomised data matrix. Thus the interpretation of axis 2 is not licit. The ordination of assemblages 
along the first axis (not presented) is clearly related to the vegetation succession: assemblages $7 
and $2 which are developed under climax vegetation with oak and beech trees are at one extreme of 
axis 1; and, assemblages Só and 57 which are developed under secondary vegetation with ericoid 
shrubs are at the other extreme. 

However, several authors provided evidence that vertical location of species is an important 
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parameter of the habitat at a scale of investigation as limited as the area of one stand or one quadrat 
(see e.g. LEBRUN, 1971; MITCHELL, 1978; USHER & BooTH, 1984). Therefore, we distinguished 
in each stand 2 sub-assemblages: the one developing in O/ and Of horizons, i.e. the "litter" layer in 
the normally accepted sense (see DELECOUR, 1980, for definition of horizons), and the one 
inhabiting the “humus” layer (Oh horizons and the 2 first centimetres of Ah). 

CA was then applied to a second data matrix (85 x 14) and the inertia rates of the first 2 
eigenvalues were 25 Yo and 14% respectively, whereas both relating thresholds are around 15%. 
Two sub-assemblages contribute the most to the creation of the first axis, i.e. the one of litter layer in 
stand 57 and the one of humus layer in stand 57 (the values of absolute contribution were 27 % and 
20% respectively). As shown in fig. 3A, the first axis clearly segregates the sub-assemblages of 
litter layers within moder soils (L/, L2, L4 and L5) from the ones of humus layers within mor soils 
(H3. H6 and H7). 

From this second analysis, it is noticeable that on a local scale, the litter/humus occupancy 
appears to be a relevant mode of resource exploitation among species. Consequently, vertical 
location can be regarded as a dimension of habitat as important and even predominant upon both 
humus type and vegetation dimensions. We can now recognize four possible double modes of 
utilization of litter and humus layers. There are: (1) layers referring to soils with moder horizons 
developed under climax vegetation (stands §7 and 52); (2) layers referring to soils with mor 
horizons under climax vegetation (stand $3): (3) layers referring to soils with moder horizons under 
secondary vegetation (stands 54 and 55); (4) layers referring to soils with mor horizons under 
secondary vegetation (stands S6 and 57). 

On the whole, in the locality studied, the habitat resources can be partitioned into eight, entirely 
disjunctive states or categories, and we must now investigate for each species the level of 
specialization towards these disjunctive categories. 


3.2.2. Habitat breadth 


If we establish the relative abundance of species in each disjunctive category, habitat diversity 
within litter and humus layers can be summarized in a square diagram the corners of which represent 
the four possible categories (fig. 4A and B). The presence of points in all the sectors of diagrams 
indicate that oribatids diversify greatly their usage of litter and humus layers. Nevertheless, in litter 
layers, one of the most common resource utilization (24 species) corresponds to the upper right 
sector of the diagram, i.e. to soils with mor horizons developed under climax vegetation. In humus 
layers, however, such a strategy is forsaken and oribatids favour moder soils developed under 
secondary vegetation (30 species). 

Here again there is a clear dichotomy between both litter and humus micro-biotopes allowing 
vertical location to be regarded as a major, local dimension. Some RG species narrow their habitat 
width on this dimension since they were collected in only one horizon: 6 species in litter layers (RG1 
nos. 12, 20, 24, 25, 26 and 27) and two others in humus layers (RG1 nos. 23 and 28). This suggests 
that specialization can occur among RG species on a local scale, and we will now study this in 
details. Note, and it is far less surprising, that 8 RS species were found only in litter layers, and two 
others only in humus layers (nos. 18, 23, 25, 26, 28, 29, 30, 31 and 24, 28 respectively). 


Fig. 4. Diversity on local states of habitat resources in oribatids. Numbers designating species are identical with those 
on table in the appendix. Closed squares: RS species; open circles: RG1 species; closed circles: RG2 species (see text 
for definitions). — (A) specialization on the 4 habitat categories in litter layers. — (B) idem, in humus layers. Category 
no. | refers to the upper left corner of the square; cat. no. 2 to upper right corner; cat. no. 3 to lower left; cat. no. 4 to 
lower right; % climax vegetation abundances = category | + cat. 2; % mor abundances = cat. 2 + cat. 4; only 
species with S coefficient «100 are presented. — (C) reciprocal patterns of resources usage among "broad niched” 
species in litter and humus layers; species which are seen in the lower left corner are the most weakly specialized. — 
(D) relationship between habitat breadth and total species number of individuals; dotted line refers to EXP(H') = 3; 
only species with EXP(H') > 1 are presented. 
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Habitat specialization can be measured using the S coefficient of LYNCH (1981). In the present 
case, S = abs. (% climax vegetation abundances — 50) + abs. (% mor abundances — 50). Species 
with S coefficient well below 50% could then be considered as weakly specialized (have broad 
niches) on the identified resource categories. 

In litter and humus layers, there were 24 and 19 species, respectively, having this attribute. Thus 
several species which show weak specialization within one organic layer appear to have a narrowing 
of habitat breadth in the other layer. As shown in fig. 4C, 12 species make a broad usage of resource 
categories in both layers. This pattern however differs significantly among groups since 2 RS 
species (nos. 3 and 7) and 9 RG species. respectively, are concerned. Note a clear difference 
between both RG sub-groups in number of concerned species: 1 RGI (no. 1) and 8 RG2 species 
(nos. 1, 3, 4, 5, 7, 9, 13 and 15). 

Such an optimalization of resource usage in RG species could be a first argument to assume that 
the patterns of habitat use among the RS and RG species are maintained on both geographic scales, 
but appropriate confirmation of it is required. 

To minimize the effects of these habitat breadth variations, we limited our analysis in several 
ways. First, for specialist generalist status establishment. we computed the exponential form of the 
Shannon function [EXP(H') = EXP(— X p, [n p;)] in order to measure the evenness with which 
individuals of each species are distributed among the eight resource categories (p; being the relative 
abundance in the i!" category). 

Then, if the values of EXP(H’) are plotted against overall abundances in the locality (fig. 4D), it 
can be seen that the value of EXP(H') = 3 is exceeded in almost all the species we identified above 
as weakly specialized in one or both organic layers (there are two exceptions in RGI species nos. 12 
and 17). We can now assume that approximatively the same area of resource space is occupied by 
each of those species in which EXP(H') «3. For this reason, we regarded those species as 
"generalists" according to their habitat breadth (see table in the appendix). In addition. the ten 
species of each RS, RG! and RG2 group which showed the greatest values of EXP(H”) could be 
assumed to be more closely "packed" in resource space than the other ones, and were subject to 
computation of habitat overlap. 


3.2.3. Habitat overlap 


ScHOENER'S (1968) index was used to compute overlap between j and K pairs of species, 
following: œ = 1 — 1/2 E | pj; — p | (pi; and px are as in the above formula). 

Because CA maximizes separation between species according to their relative abundance in 
litter and humus layers, locations shown in fig. 3B provide a framework for examining the overlap 
between peculiar pairs of generalist. RS as well as RG species. 

From inspection of fig. 3B. in which each species is joined to its nearest neighbour by an arrow, 
it can be seen that there is a great deal of interspecific variability in overlap among groups: in RS 
species, values fluctuated from 40 (Neoliochthonius piluliferus/Liochthonius simplex; Suctobel- 
bella hamatalOppia serrata) to 80 (Microppia minus/Brachychochthonius cricoides); in RGI 
species, from 61 (Rhxsotritia duplicatalCarabodes coriaceus) to 89 (Hypochthonius rufulus/ 
Tectocepheus minor): in RG2, from 52 (Liochthonius brevis/Nothrus silvestris) to 91 (Quadroppia 
quadricarinatalDissorhina ornata). Therefore, we computed total overlap of each species with the 
nine others belonging to the same group (table 1) and an ANOVA comparison clearly indicated that 
overlap was lower among RS species than among RG ones (RS mean < > RGI mean = RG2 mean: 
F-ratio = 18.5, P « 0.001). 

Moreover, because our analysis dealt with the most weakly specialized species in the stands we 
sampled, this finding may be drawn for all the RS and RG species found in the locality. This leads to 
the conclusion that the RS species cannot operate a habitat widening on a local scale as perfect as RG 
species seem able to do. This limitation appears thus to be inherent to the specialization they show 
on a broad, geographic scale, and suggests that the overall pattern of habitat use is always preserved 
in RS and RG species at any level of geographical investigation whatever. 
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Table 1. Total overlap on 8 habitat resources among 30 local, generalist species of oribatids. 


RS species 
l. Nanhermannia nanus (NICOLET, 1855) 390 
2. Liochthonius simplex (FORSSLUND, 1942) 353 
3. Suctobelbella hamata Moritz, 1970 362 
4. Brachychochthonius cricoides WEts-FoGH, 1948 433 
5. Liochthonius evansi (FORSSLUND, 1958) 364 
6. Brachychochthonius zelawaiensis (SELLNICK, 1928) 373 
7. Microppia minus (PAOLI, 1908) 395 
8. Oppia serrata MIHELČIČ, 1956 238 
9. Neoliochthonius piluliferus (FORSSLUND, 1942) 366 
10. Metabelba papillipes (NICOLET, 1855) 287 
Mean = 356.1 
RGI species 
1. Rhysotritia duplicata (GRANDJEAN, 1953) 517 
2. Tectocepheus sarekensis TRAGARDH, 1910 598 
3. Hypochthonius rufulus (KocH, 1836) 589 
4. Suctobelbella falcata (FORSSLUND. 1941) 476 
5. Damaeobelba minutissima (SELLNICK, 1920) 569 
6. Carabodes coriaceus KocH, 1836 466 
7. Tectocepheus minor BERLESE, 1903 344 
8. Hypogeoppia sigma (STRENZKE, 1951) 553 
9. Phrhiracarus nitens (NiCOLET, 1855) 421 
10. Ophidiotrichus cf. tectus (MICHAEL, 1884) 487 
Mean — 502 
RG2 species 
l. Tectocepheus velatus (MICHAEL, 1880) 550 
2. Cultroribula bicultrata (BERLESE, 1904) 537 
3. Suctobelbella subcornigera (FORSSLUND, 1941) 439 
4. Suctobelbella sarekensis (FORSSLUND, 1941) 552 
5. Liochthonius brevis (MICHAEL, 1888) 518 
6. Dissorhina ornata (OUDEMANS, 1900) 566 
7. Nothrus silvestris NicoLET, 1855 509 
8. Euzetes globulus (NICOLET, (1855) 529 
9. Eniochthonius minutissimus (BERLESE, 1904) 395 
10. Quadroppia quadricarinata (MicHAEL, 1885) 552 
Mean — 514.7 


Notes: Values are summation alphas of one species with the nine others of the same group; RS species: rare and 
"narrow niched" species on a broad regional scale (Belgium); RG species: common and "broad niched" species on the 
same scale of investigation, RG2 occupying four categories of humus (i.e. calcic mull, non calcic mull, moder and 
peat organic horizons), and RGI only three. 


4. Discussion 
4.1. General 


In oribatid mites, the rule of niche breadth distribution-dependent we advocated on a broad, 
geographic scale (see section 2) is also achieved on a local scale: the generalist species show at once 
great abundances, wide distribution and low level of specialization on the major, idenfitied 
dimensions of habitat; and, reverse attributes are observed in the specialist species. 

The rule allows us to assume that the probability of regional persistence in oribatid mites is 
positively linked to the number of humus types and sites inhabited, the probability being higher 
among the common, RG species than among the rare, RS ones. 

This feature seems also to be achieved on a local scale, but not strictly. Several RG species (i.e. 
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the ones we call “specialist RG” in the appendix) appear to be restricted to some local stands and 
scarcely use the habitat resources; consequently, the risks of their local extinction are quite likely to 
be great. Conversely, in the case of RS species we regarded as “generalist”, the probability of local 
extinction is certainly weak. 


4.2. Hypothesis of non-equilibrium 


In fact. extinctions can potentially occur in all the RG and RS species which narrow their habitat 
use on a local scale. Then, extinction events occuring among those species and not systematically 
equalized by colonization events (see annotation no. 2 in section 6) are enough to create a local. 
non-equilibrium assemblage that WIEN’s (1984) theory postulates. Some findings of our present 
study seem to corroborate this hypothesis as follows. 

Given the changes in local/regional patterns of distribution and habitat use among RG as well RS 
species, 2 predictions can be provided at least in conditional form: first, the local assemblages of 
oribatid mites cannot be regarded as a random sample of the regional ones; second, random events. 
i.e. perturbations, are unlikely to be consistent processes involved in the local assembly of species. 
This view is confirmed by the fact that soil organic horizons appear to be very predictable biotopes, 
except maybe in the case of peat substrates as discussed by WAuTHY (1982). Another conclusive 
fact is that perturbations as important as a break in organic matter deposit do not change significantly 
the species composition of stand assemblages (ARPIN ef al., 1985). 

Therefore, a more realistic assumption is to admit that locally coexisting species of oribatid 
mites were assembled in the first instance according to their tolerances and requirements of some 
environmental factors: a species is present in a given local assemblage because local conditions are 
in the range of the factors limiting its distribution, these factors being obviously the relevant 
dimensions of its niche. Then, in pursuance of Brown’s model (1984), one could say that the 
regional distribution of RS species is controlled by combinations of a greater number of factors than 
that of RG species; consequently, because the probability of local presence is inversely linked to the 
number of involved factors, the RS species cannot be more numerous on a local scale than the RG 
ones as we observed here (31 satellite species versus 53 core species). There is also the suggestion of 
an interesting conclusion that probably could be applied more generally to other taxonomic groups: 
among oribatid mites, there is a clear. inverse relationship between the abilities of species to widen 
locally their habitat (or niche) and the number of factors controlling their regional distribution. As a 
result, on a local scale, the generalist species are more numerous among RG species than among RS 
ones, and the latter show a lower mean overlap on the defined habitat resources than the former ones 
(see section 3.2). 

Where the processes structuring local assemblages of species are concerned, many models 
suggest (see TILMAN, 1986, for a review) that the niche widening is mainly achieved by biotic 
interactions which cause selective local extinction of species too similar to others already present in 
their environmental tolerances and requirements. Since fewer factors limit the distribution of RG 
species, similarity in ecological requirements is certainly more frequent among them than among 
the RS ones. Hence, one could suppose that the selective mechanisms have acted and act more 
intensively between RG species than between RS ones, and that, on the whole, local extinction 
events were and are more numerous among the former than among the latter ones. 

Consequently, one can assume that extinction events refer to various species in different 
localities. This view is confirmed by the fact that, in the locality studied herein, 4 species widely 
distributed in Belgium (i.e. Hermannia gibba, Hermanniella granulata, Carabodes femoralis and 
Minunthozetes semirufus) are not present, and thus, as a result of their inability to widen locally their 
habitat breadth, have presumably gone extinct whereas in the locality studied by LEBRUN (1971). 
i.e. Meerdael forest (approx. 18 km apart from the present locality), a similar phenomenon occurred 
in 3 other RG species (i.e. Ceratoppia bipilis, Hypogeoppia sigma and Machuella draconis). 

Moreover, in the meanwhile, several RS species have colonized both localities and apparently 
any other than those (at least in the light of our present knowledge of their regional distribution). 
These are in Louvain-la-Neuve: Eupelops cf. curtipilus and Verachthonius cf. laticeps; and, in 
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Meerdael: Eremaeus sp., Oribatella reticulata and Allosuctobelba grandis europea. Then, the 
difference between both localities in solely present RS species — apparently extinct RG species ratio 
could be considered as a first, but not conclusive argument (see annotation no. 2) to admit the 
imbalance of extinction/colonization events on a local scale. 


4.3. Local assemblage and community 


In order to generalize our hypothesis. one could say that from a conceptual standpoint, a local 
assemblage of oribatid species consists of 2 main building blocks: one closed subset of generalist, 
RG and RS species with an equilibrium in number, generated by selective interactions from one 
open subset of restricted, RG and RS species in which extinction/colonization events are not 
equilibrated. As a result, the cumulative sum of all the local lacks of correlation between extinction/ 
colonization events would generate on a regional scale the non-equilibrium pattern that WIENS 
(1984) postulates. 

Such a local assemblage appears to belong to an “island community” not only in the classic 
meaning, i.e. the local presences/absences of species and biotic interactions are important 
(CASWELL, 1978), but also in pursuance of a more relevant approach of MACARTHUR and WILSON 
theory, i.e. the amount of available resources and the abilities of species to use them and to coadapt 
are important too (WILLIAMSON, 1983). 

On the other hand, from a practical standpoint, our findings give us the opportunity to know 
precisely the geographic limit of a local community of soil microarthropods: in any stand of the 
locality studied where the vegetation refers to the Quercion-robori petraeae succession and the 
organic horizons are mor or moder types, we will assume that the oribatid assemblage belongs to the 
same community if the identified “generalist” RS species are present (see table in the appendix) and 
the four apparently extinct, RG species mentioned above are absent. 


4.4. Potential factors and selective mechanisms 


At this point, however, nothing has been said about the factors presumed to be important in the 
distributional ecology of oribatid mites and the possible biotic interactions which could act. 

Where food resources are concerned, microorganisms (mainly fungi) seem to be of great 
importance. Many species, among which the always widely distributed Oppiidae (STEFANIAK & 
SENICZAK, 1983), directly feed on reproductive and vegetative organs of microorganisms (see 
references in CANCELA DA FONSECA & POINSOT-BALAGUER, 1983). Other species, though 
detritivorous, ingest microorganisms adhering to dead organic matter, and close inspection reveals 
that this ingestion is an important key factor of the population dynamics (see e.g. the study by VERA 
ZIEGLER, 1984, on Platynothrus peltifer). Moreover, as MITCHELL & PARKINSON (1976) and 
SEASTEDT (1984) suggest, the tolerance to toxins produced by microorganisms certainly plays a 
role, but it is poorly known. 

Beside the variables studied herein, several abiotic variables appear to be important niche 
dimensions in oribatid mites (also in micro-organisms as discussed by MARTINEZ et al., 1980). In 
the first instance, the water and nitrogen content of organic horizons, the base content and pH of the 
soil and its capacitance for gases cannot be neglected (see HAGVAR, 1984; HUNT et al., 1987; 
LEBRUN, 1971, 1979; WALLWORK, 1983; WAUTHY & VANNIER, 1988). 

Where biotic interactions are concerned, competition for food is probably reduced in oribatid 
mites as reported by BEHAN-PELLETIER & HILL (1983), VANNIER (1985) and WAUTHY & VERA 
ZIEGLER (1987). Reproductive tactics could generate competition for space, mainly in species 
where females lay on particular substrates as it is known in Phthiracaridae (GRANDJEAN, 1940; 
WEBB & ELMES, 1979) and Liacaridae (GOURBIERE et al., 1985). Parasitoids have been detected in 
oribatids but, aparently, only in particular conditions of pollution (PURRINI, 1983). 

Finally, as in many groups of animals (see the review of SCHOENER, 1986), predation has 
certainly a great role but its study implies field experiments (see e.g. BENDER er al., 1984) which 
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seem difficult to conduct in the case of oribatid mites. Comparisons between population dynamics 
observed both in the field and in the laboratory (LEBRUN et al., in press) reveal, however, that the 
numerical depletion of immatures due to predators is too important to deny the role of predation, 
either direct or by interference in other biotic interactions (see PIANKA, 1974, for a discussion), in 
the niche coadjustement of local species as well as in the indirect role that oribatid mites play in the 
decomposition processes of organic substrates (LEBRUN, 1987). 


5. Conclusions 


Two main attributes of assemblages are emerging from our present study of the geographic 
ecology of soil oribatid mites. One refers to the ratio between the number of RG and RS species. The 
second depicts the non-equilibrium in species number within assemblages. First, as shown in 
table 2, we have recognized different levels of achievement of both attributes at three distinct, 


Table 2. Geographical pattern of 2 main attributes of oribatid assemblages in deciduous forests. 


Attributes Scale of investigation 

Stand Locality Region 
Non-equilibrium + ++ +++ 
in number 
RS-RG ratio <0.5 =0.5 =| 


Note: The increase of RS-RG ratio (see text for definitions) corresponds globally to an increase of specialization 
towards the humus type of soil organic horizons. 


hierarchized geographic scales. Second, to explain geographic variations of both attributes. we 
have assumed at one and the same time the importance of the number of environmental factors 
controlling the species distribution and the role of biotic interactions in assembly local, generalist 
species. 


6. Annotations 


1. HANSKI (1982) has proposed an elegant model, i.e. the “satellite/core” species hypothesis, to 
explain the spatial patterns of distribution. His model was advocated, but not strictly demonstrated 
by VEGTER er al. (1988) in the case of entomobryid collembolans. In oribatid mites, the model does 
not fit very well (the frequency distribution of species' distribution in regional sites is not bimodal, 
but shows a clear continuum). It was because a bimodal feature was not achieved in oribatids that we 
defined the RS and RG species and we made the present study. 

2. HANSKI postulates that extinction/colonization events are not balanced on a broad, regional 
scale. Our opinion is that the imbalancement is also achieved on a local scale. Obviously, this 
remains to demonstrate, and a clear proof of our hypothesis requires to survey the local populations 
during several years. This work is in progress. 
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9. Appendix: The taxa allocated to regionally specialist (RS) and regionally generalist groups 
(RGI & RG2) 


RS species 
Generalist 
l. Nanhermannia nanus (NICOLET, 1855) 6 48/ 196 
2. Liochthonius simplex (FORSSLUND, 1942) 7 566; 70 
3. Suctobelbella hamata Moritz, 1970 6 SOU — 
4. Brachychochthonius cricoides Weis-FocH, 1948 7 TU 29 
5. Liochthonius evansi (FORSSLUND, 1958) 6 241/ 4 
6. Brachychochthonius zelawaiensis (SELLNICK. 1928) 6 621/ 69 
7. Microppia minus (Paoi. 1908) 7 1496" = 
8. Oppia serrata MIHELČIČ. 1956 2 SH = 
9. Neoliochthonius piluliferus (FORSSLUND, 1942) 4 185 = 
10. Merabelba papillipes (NICOLET, 1855) 4 16/ 42 
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Specialist 

11. Brachychthonius impressus Moritz, 1976 
12. Camisia spinifer (Koch, 1836) 

13. Oribatula tibialis ssp. 1 (NICOLET, 1855) 
14, Achipteria coleoptrata (LIMNAEUS, 1758) 

15. Punctoribates punctum (KocH, 1839) 

16. Chamobates cf. cuspidatus (MICHAEL, 1884) 
17. Chamobates cf. borealis (TRAGARDH, 1902) 
18. Suctobelbella sarekensis ssp. 2 (FORSSLUND. 1941) 
19. Chamobates cf. pusillus (BERLESE, 1895) 
20. Neoliochthonius globuliferus (STRENZKE, 1951) 
21. Nothrus cf. borussicus SELLNICK, 1929 

22. Oppia maritima (WILLMANN, 1929) 

23. Oppia unicarinata (PAOLI, 1908) 

24. Verachthonius cf. laticeps (STRENZKE, 1951) 
25. Suctobelba granulata v. D. HAMMEN, 1952 
26. Nothrus palustris KocH, 1839 

27. Ceratozetes cf. minimus SELLNICK, 1928 

28. Carabodes minusculus BERLESE, 1923 

29. Eupelops cf. curtipilus (BERLESE, 1916) 

30. Cepheus latus Koch. 1836 

31. Ctenoppiella fallax (Paoi, 1908) 


RGI species 

Generalist 

. Rhysotritia duplicata (GRANDJEAN, 1953) 

- Tectocepheus sarekensis TRAGARDH, 1910 

. Hypochthonius rufulus (KOCH, 1836) 

- Sucrobelbella falcata (FORSSLUND, 1941) 

. Damaeobelba minutissima (SELLNICK, 1920) 
Carabodes coriaceus KocH, 1836 

. Tectocepheus minor BERLESE, 1903 

. Hypogeoppia sigma (STRENZKE, 1951) 

. Phthiracarus nitens (NiCOLET, 1855) 

. Ophidiotrichus cf. tectus (MICHAEL, 1884) 

. Suctobelbella sarekensis ssp. | (FORSSLUND. 1941) 


TOO 0 JO toI — 


Specialist 

12. Suctobelba trigona (MICHAEL, 1888) 

13. Suctobelbeila similis (FORSSLUND, 1941) 

14. Chamobates cf. borealis ssp. | (TRAGARDH, 1902) 
15. Steganacarus magnus anomalus (BERLESE, 1883) 
16. Phthiracarus tardus FORSSLUND, 1956 

17. Ceratozetes gracilis (MICHAEL, 1884) 

18. Xenillus tegeocranus (HERMANN, 1804) 

19. Malaconothrus gracilis v. D. HAMMEN, 1956 
20. Amerus cf. polonicus KULCZYNSKI, 1902 

21. Brachychochthonius honestus Moritz, 1976 

22. Sreganacarus magnus magnus (NICOLET, 1855) 
23. Machuella draconis HAMMER, 1961 

24. Suctobelbella perforata (STRENZKE, 1950) 

25. Liacarus sp. | 

26. Oribatella calcarata (KocH, 1836) 

27. Cepheus cepheiformis (NICOLET, 1855) 

28. Ctenoppiella obsoleta (PAOLI, 1908) 


RG2 species 

Generalist 
l, Tectocepheus velatus (MICHAEL, 1880) 
2. Cultroribula bicultrata (BERLESE, 1904) 
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3. Suctobelbella subcornigera (FORSSLUND, 1941) 7 2434, — 
4. Suctobelbella sarekensis (FORSSLUND, 1941) 6 659 — 
5. Liochthonius brevis (MICHAEL, 1888) y 651/ 48 
6. Ctenoppiella ornata (OUDEMANS, 1900) 7 556 — 
7. Nothrus silvestris NICOLET, 1855 7 780/4763 
8. Euzetes globulus (NicoLET. 1855) 4 16 = 
9. Eniochthonius minutissimus (BERLESE. 1904) 7 741/ 874 
10. Quadroppia quadricarinata (MICHAEL, 1885) 6 368/ — 
11. Sucrobelbella subtrigona (OUDEMANS, 1916) 7 840 — 
12. Oppiella nova (OUDEMANS, 1902) 7 76027 — 
13. Oribatula tibialis (NicoLEr, 1855) 6 1427 = 
14. Damaeus onustus KOCH. 1841 3 6 3 
15. Platynothrus peltifer (Kocu. 1839) 6 216/ 926 
Specialist 

16. Archiphthiracarus anonvmum (GRANDJEAN, 1934) 4 128/ — 
17. Ceratoppia bipilis (HERMANN, 1804) 4 7| M 
18. Suctobelbella nasalis (FORSSLUND. 1941) 4 1364 — 
19. Crenoppiella subpectinara (OUDEMANS. 1901) 3 451 — 
20. Carabodes labyrinthicus (MICHAEL, 1879) 3 67 = 
21. Galumna lanceata (OUDEMANS, 1900) 4 127 24 
22. Hemileius initialis (BERLESE, 1908) l 18/ — 
23. Brachychthonius berlesei WILLMANN, 1928 3 887/ 9 
24. Quadroppia maritalis Lions, 1982 1 192/ = 
25. Eupelops plicatus (Koch. 1836) 3 v 7 
26. Adoristes poppei (OUDEMANS, 1906) 2 471 14 


Note: The number of local stands (max. — 7) in which each taxon was recorded (first colon) and the overall abundances 
in these stands (second colon: first number — adults; second — immatures) are presented. 
Several taxa were unretained. Either because they were not categorized by WAUTHY (1982, p. 494; group R). There 
are: Mixochthonius pilososetosus, Carabodes marginatus, Odontocepheus elongatus, Oppiella nova ssp. 1, 
Suctobelbella acutidens, Suctobelbella subcornigera ssp. 1. Or because their usual biotopes (at least, in the light of our 
present knowledge) do not seem to be organic horizons; but, deep soils horizons in Palaeacarus hystricinus. 
Brachychochthonius suecicus, Gehypochthonius sp. |, Microtritia minima and Suctobelbella tuberculata; trunks or 
tree canopies in Camisia segnis, Paradamaeus clavipes, Cepheus dentatus and Diaprerobates humeralis; rotten 
stumps in Thyrisoma lanceolata and Autogneta longilamellata. 
Finally, the oribatid juveniles that belonged to Oppiidae (179 individuals), Suctobelbidae (5 individuals) and 
Oribatulidae (3 individuals), and that we cannot link for sure to a known taxon were not taken into account. 
(continued on page 416) 
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Synopsis: Original scientific paper 
WauTHY, G., M.-I. Nori & M. DUFRÊNE, 1989. Geographic ecology of soil oribatid mites in deciduous forests. 

Pedobiologia 33, 399—416. 

On a broad, geographic scale (i.e. Belgium), soil oribatid mites show relatively simple patterns of spatial 
distribution and habitat use since two groups of species can be defined: "regionally specialist" (RS) species which are 
rare and restrict their humus type's occupancy, and “regionally generalist” (RG) species with reverse attributes. On a 
local scale, these patterns can change substantially among species of both groups. In the locality studied, 7/31 RS 
species inhabited all or nearly all the stands sampled and used widely disjunctive categories of habitat resources taking 
into account vertical location within organic layers (litter or humus), humus type (mor or moder) and vegetation 
(climax or secondary) developed in the study site. Nevertheless, their overlap on these categories was lower on average 
than the one of the 20 RG species which did not change their patterns on both geographic scales. Conversely, some of 
the 34 other RG species narrowed their local distribution and showed a clear specialization on the habitat categories. 

To explain the local/regional variations of patterns, it is proposed to interpret the regional distribution shown by 
soil oribatid. mites in terms of tolerance to environmental factors as BROwN's (1984) model suggests. Then, it is 
advocated, at least hypothetically, the role of biotic interactions in the local widening of habitat breadth shown by the 
"specialist" RS as well as RG species, and to produce a local non-equilibrium assemblage. Finally, it is discussed the 
notion of community in the case of soil micro-arthropods and presented a short review of the possible factors and 
processes that could shape the geographical ecology of soil oribatid mites. 

Key words: community: deciduous forest; habitat; oribatids; soil; spatial pattern. 
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